The experimental data are compared to the flat-plate referenceenthalpy theory applied along the inviscid streamlines. It is shown that this relatively simple method, is in reasonable agreement with the data.
-------------

INTRODUCTION
The practical importance of blunt bodies for the hypersonic flow regime has resulted in extensive work aimed at determining methods with which the high heat transfer rates such a vehicle encounters can be predicted. The boundary layer in this instance will be characterized by high stagnation-to-wall enthalpy ratios, low Mach numbers external to the boundary layer, and strong, favorable pressure gradients. In general, the flow will be three-dimensional; further laminar, transitional, and fully developed turbulent boundary layers are all of importance.
It is well-known that the analytical means of dealing with this broad problem have been developed in a succession of investigations into each of the particular features involved. The laminar compressible boundary layer under the subject condition' can be handled satisfactorily for twodimensional and axisymmetric flows, due to the work of Lees('), Probstein(?), and Fay and Riddell(3). A method of attack for the general three-dimensional case, however, did not appear until relatively recently( 4 ).
Several approaches as to the description of the three-dimensional (5)(6) (7) boundary layer were suggested initially. Hayes(5), Moore(, and Howarth with varying opinions as to the most desirable coordinate system to be usecd provided the basis for much of the subsequent effort. The early attempts, such as those reviewed in reference 8, dealt primarily with flows that exhibited some symmetry, or that could be approximated by perturbations of two-dimensional flows. Subsequently, some quantitative results were obtained for special cases, namely, the flow near the stagnation line of a yawed infinite cylinder (9) , near the windward streamline in the symmetry plane of a yawed cone (10) , and the flow at a general three-dimensional stagnation point in the presence of a cold wall('1). The case of a blunt body was investigated, for small angles of attack, in reference 12.
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It was pointed out in reference 5 and restated in reference 4, that a three-dimensional boundary layer can be treated as a perturbation of twodimensional or axisymmetric flows if: a) the three-dimensional effects in the inviscid flow can be linearized; b) the curvature of the outer edge streamline has a small component in the plane tangent to the surface of the body. Then, provided a cylindrical coordinate system with origin at the stagnation point is used, the problem can be handled.
Vaglio-Laurin shows in reference 4, however, that in the presence of a cold wall and moderate Mach numbers external to the boundary layer, a general three-dimensional streamline pattern can be dealt with. For these conditions it is demonstrated that with the inviscid streamlines and normals thereto as the coordinate system, the approximation of zero crossflow in the boundary layer is valid. The problem then becomes one of establishing the location of these streamlines, of evaluating the metric of the coordinate system, and of applying two-dimensional solutions along the streamlines. This approach will be used in this paper. The method used to determine the streamlines, however, is not that of reference 4 but one which is suggested in reference 13 and which has the advantage of ease of application, though perhaps it is not quite as accurate. The method will be discussed in greater detail in a later section.
As was mentioned previously the boundary layer on a blunt body under the conditions considered would, in practice, become turbulent. ( 15 ) and Mager ( 1 6 ), Attempts.by Mager( 1 7 ) and Braun ( 1 8 3 12 In order to prevent the shroud from reaching excessive temperatures, internal cooling was provided by means of an annular jet of highpressure cold air, located at the minimum section of the shroud.
Monitoring thermocouples were inserted on the exposed surface of the shroud and the temperature history recorded. During the tests it was found that the shroud temperature was within ± 150 0F of the surface temperatures recorded on the conical portion of the model. On this basis no correction for radiation between the model and its surroundings is made.
In the nose region, however, the model was subjected to radiation from the nozzle in which the shroud was installed. Estimates made in reference 21
indicate the increment in heat transfer is of the order of 10%0 of the total.
All tests were performed at a stagnation temperature in the range The model was placed in the shroud at a geometric angle of attack of approximately 1. 5 (Figure 1) . The angle of attack to which this corresponds in terms of the flow field and the location of the stagnation point was determined from the measured pressure distribution. It has been found+ in the past that the pressure distribution, nondimensionalized with respect to the stagnation pressure, in the stagnation region of such a body in a shroud is best correlated by -0 -K') + K'cos a where K' is an experimentally determined constant. In terms of the body axis coordinates this becomes (I-K') + K'[cos ecos a + sin C sin a cos Oi From the measured pressure distribution it was found that the pressure data was correlated to P w .3 with K' = 3.0 and a = 4o
The pressure distribution in the stagnation region is therefore approximated by --2 + 3 [.998 cos e.+ .0698 sin ep cos ej' and the streamlines were assumed to be radial to the line defined by C= 0. 3.
C. Streamline Location
As pointed out in the introduction, under the assumption of zero crossflow in the boundary layer, two-dimensional solutions can be applied along the streamlines external to the boundary layer. Two methods suggested for the determination of the location of the streamlines will be discussed here. The first by Vaglio-Laurin (reference 4) will be described briefly. The second, originally suggested by Ferri, was presented by Sanlorenzo (reference 13) and will be used in the present analysis,
In both cases the pressure distribution must be known, either thus established the velocity components at any point on the body it is possible to compute the direction of the streamline at that point. The streamline direction is given by
The computed value of C permits the determination of the location of an adjacent point at the next chosen station, where the calculation is repeated
with the e and perturbation coefficients appropriate to the second station.
In the present case the above procedure vas started at the line S= 0. 3, since the direction of the streamlines between the stagnation point and this line was taken to be radial (8 = const.). Five streamlines were calculated. On the line c = 0. 3 the calculations were started at e equal to 300, 600, 900, 1200, and 1500.
The values obtained for the perturbation coefficient is shown in Figure 5 . The streamline coordinates are shown in Tables 1 and 2 .
D. Heat Transfer
The laminar heat transfer data will be compared to the theory of Lees modified for the more accurate stagnation point theory of Fay, Riddell, and Kemp. In terms of the Nusselt and Reynolds numbers used here we have
e e Note: 8o0 CO denote tne point at which the streamline calculation is started. The results indicate that turbulent heating can be predicted fairly accurately in a three-dimensional boundary layer when the two-dimensional theory is applied along streamlines. 
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